Conversion Factors

Introduction
The primary goal of the Selenium Management Program (SMP), as recommended in the U.S. Fish and Wildlife Service's "Gunnison River Basin Programmatic Biological Opinion," is to meet the State of Colorado water-quality standard for dissolved selenium of 4.6 micrograms per liter (µg/L) at the U.S. Geological Survey (USGS) streamflow gage number 09152500-Gunnison River near Grand Junction, herein referred to as "Whitewater" (U.S. Fish and Wildlife Service, 2009) . A parallel goal is to continue implementation of management practices that will maintain or improve the existing downward trend in dissolved-selenium concentration. Mayo and Leib (2012) documented a downward trend in dissolved-selenium load from 1986 to 2008 at the Whitewater gage. The SMP's long-term goal is to improve water quality by reducing dissolved-selenium concentrations sufficiently to assist in the recovery of the Colorado pikeminnow (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus) (Bureau of Reclamation, 2011) . Selenium is a trace element that bioaccumulates in aquatic food chains and can cause reproductive failure, deformities, and other harmful effects (Hamilton, 1998; Lemly, 2002) .
The SMP has implemented a water-quality monitoring network in the lower Gunnison River Basin that has been in operation since 2011 (Bureau of Reclamation, 2011) . The USGS, in cooperation with the Bureau of Reclamation, has completed a review of dissolved-selenium data from 18 sites ( fig.1 ) that included the following 4 types of analyses (table 1): 1. Annual dissolved-selenium loading analyses using linear regression models for the five core USGS sites which have continuous streamflow gages (task A). 2. Instantaneous dissolved-selenium loading analyses for the 13 ancillary USGS sites where instantaneous water-quality sampling takes place (task B). Instantaneous dissolved-selenium load can be calculated if the dissolved-selenium sample was accompanied by a streamflow measurement. 3. Annual and instantaneous 85th-percentile analyses for dissolved selenium at the 18 sites (tasks C and D). 4. Dissolved-selenium concentration trend analysis for Whitewater (task E).
This report presents information on the dissolved-selenium loads at 18 sites in the lower Gunnison River Basin for WYs 2011-2014. In addition, trend analyses based on 1986-2014 and 1992-2014 streamflow and water-quality data are presented. All streamflow and water-quality data are available in the USGS National Water Information System (http://dx.doi.org/10.5066/F7P55KJN). 
Dissolved-Selenium Concentrations and Loads
Concentration boxplots for instantaneous dissolved-selenium samples are plotted from left to right in an upstream to downstream order for water years (WYs) 2011-2014 in figure 2. A WY is defined as October 1-September 30. In general, the dissolved-selenium concentration increased from upstream to downstream at Gunnison River main-stem sites. Dissolved-selenium concentrations generally ranged from 1.0 µg/L to 10.0 µg/L at most sites. Gunnison R. blw Gunnison Tunnel and Loutzenhizer Arroyo at North River Road represent the lower and upper extremes, respectively. Gunnison R. blw Gunnison Tunnel had instantaneous dissolved-selenium concentrations that were less than 1.0 µg/L for all samples, and Loutzenhizer Arroyo at North River Road had dissolved-selenium concentrations exceeding 100 µg/L. Annual dissolved-selenium loads were estimated for the five core sites using multiple linear regression techniques in S-LOADEST, a software program used for trend analysis and load estimation (Runkel and others, 2004) . Mayo and Leib (2012) report on the methodology used to perform dissolvedselenium loading analysis. Equation forms, regression model coefficients, diagnostics, and calibration datasets are provided in appendixes 1 and 2. Instantaneous dissolved-selenium loads were calculated for the 13 ancillary sites that do not have a continuous streamgage. At these sites, instantaneous waterquality sampling events are accompanied by an instantaneous streamflow measurement. Annual loads were not estimated for sites for which instantaneous loading analyses were performed.
Results from the annual dissolved-selenium loading analyses for the five core sites, in pounds per year (lb/yr), are summarized in table 2. Annual dissolved-selenium load estimates for WY 2014 ranged from 336 lb/yr at Uncompahgre River at Colona to 13,300 lb/yr at Whitewater. Changes in median dissolved-selenium load between selected sites along the main-stem Gunnison River are reported in table 4. The largest increase in dissolved-selenium load occurred between sites Gunnison River at Delta and Gunnison River abv Escalante Creek; the increase is due to the Uncompahgre River and unknown sources contributing approximately 23.7 lb/d of dissolved selenium. The dissolved-selenium load measured at Whitewater was 1.8 lb/d less than the load measured at Gunnison River abv Escalante Creek. This slight decrease may be because there is little irrigation in this reach of the river to contribute dissolved-selenium load ( fig. 1 ). 
Dissolved-Selenium 85th-Percentile Analyses
Dissolved-selenium 85th-percentile concentrations were calculated for 17 sites for WY 2014. The 85th-percentile concentrations were not calculated for Gunnison R. blw Gunnison Tunnel (09128000) for WYs 2013 or 2014 because water samples were not collected during those years. The 85th percentiles for the five core sites presented in table 5 were calculated using the estimated dissolved-selenium concentration from the multiple linear-regression techniques as described by Mayo and Leib (2012) . The dissolved-selenium 85th-percentile concentrations at these sites are referred to as the "annual dissolved-selenium 85th-percentile concentrations." At the 13 ancillary sites, multiple linear regression was not used due to a lack of continuous streamflow data; however, dissolved-selenium 85th-percentile concentrations were calculated using one WY of instantaneous water-quality samples. The instantaneous dissolved-selenium 85th-percentile concentrations for the 5 core and 13 ancillary sites are shown in table 6. 
Dissolved-Selenium Trend Analysis
Using methods described in Mayo and Leib (2012) , a trend analysis based on normalized meandaily streamflow for 1986-2014 was completed using water-quality data collected at Whitewater. The calibration dataset contained all available instantaneous water-quality samples from WY 1986 to WY 2014. This process ensured that all data used for regression model development by Mayo and Leib (2012) were included in the dataset used for model development through WY 2014. Another period, WYs 1992-2014, was used for a trend analysis following the same methods as Mayo and Leib (2012) , but with normalized mean daily streamflow and instantaneous water-quality samples for 1992-2014, and it is included here to provide more emphasis on the most recently collected data.
A continuing downward trend in annual dissolved-selenium load was observed at the Whitewater site, as indicated in tables 7 and 8. The dissolved-selenium loads decreased from 23,000 pounds (lb) in WY 1986 to 15,000 lb in WY 2014, a decrease of 8,000 lb (table 7) . This decrease represents a 34.8 percent reduction during the time period, and an additional 6.2 percent reduction from the 28.6 percent reduction reported through WY 2008 in Mayo and Leib (2012) . As shown in table 7, the dissolved-selenium load 95-percent confidence levels for WY 1986 were 21,300 lb (lower) and 24,800 lb (upper); for WY 2014, the dissolved-selenium 95-percent confidence levels were 13,900 lb (lower) and 16,200 lb (upper). To graphically demonstrate the trend in dissolved-selenium concentration, the decimal time component was removed from the regression model to yield a load regression for partial residuals (Mayo and Leib, 2012 ). The calibration dataset was then used to predict dissolved-selenium concentrations on the same days that water samples were obtained. The predicted dissolved-selenium concentration for each sample date was then subtracted from the measured dissolved-selenium concentration from the sample, yielding a residual dissolved-selenium concentration. The residual dissolved-selenium concentrations are plotted by year with a LOcally WEighted Scatterplot Smoothing (LOWESS) fit line (Helsel and Hirsch, 2002) An annual dissolved-selenium trend was also completed for WY 1992 to WY 2014 (table 8) . The annual dissolved-selenium load decreased from 20,800 lb in 1992 to 15,000 lb in 2014, a decrease of 5,800 lb, or 27.9 percent.
It is important to remember that the estimated loads and concentrations given in tables 7 and 8 were based on normalized streamflow and are only illustrative of the change in selenium loads and concentrations over the period of trend analysis. The loads and concentrations shown in tables 7 and 8 were not the actual loads and concentrations that occurred in those years (Mayo and Leib, 2012) .
Summary
Dissolved-selenium loading analyses of water samples from 18 sites in the lower Gunnison River Basin were completed through water year (WY) 2014. A WY is defined as October 1-September 30. Selenium is a trace element that bioaccumulates in aquatic food chains and can cause reproductive failure, deformities, and other harmful effects. This report presents the dissolved-selenium loads at 18 sites in the lower Gunnison River Basin for WYs 2011-2014. Annual dissolved-selenium loads were calculated at 5 sites with continuous U.S. Geological Survey (USGS) streamflow gages, whereas the remaining 13 sites had instantaneous dissolved-selenium loads calculated using water-quality samples collected periodically during the period. Annual dissolved-selenium loads for WY 2014 ranged from 336 pounds (lb) at Uncompahgre River at Colona to 13,300 lb at Gunnison River near Grand Junction (Whitewater). Most sites in the basin had a median instantaneous dissolved-selenium load of less than 20.0 lb per day. In general, dissolved-selenium loads at Gunnison River main-stem sites showed an increase from upstream to downstream.
The State of Colorado water-quality standard for dissolved selenium of 4.6 micrograms per liter (µg/L) was compared to the 85th percentiles for dissolved selenium at selected water-quality sites. Annual 85th percentiles for dissolved selenium were calculated for the five core USGS sites having streamflow gages using estimated dissolved-selenium concentrations from linear regression models. These annual dissolved-selenium 85th percentiles for five core sites in WY 2014 ranged from 0.97 µg/L at Uncompahgre River at Colona to 16.7 µg/L at Uncompahgre River at Delta. The State of Colorado water-quality standard for dissolved selenium of 4.6 µg/L was exceeded at only two core sites: Uncompahgre River at Delta and Whitewater.
Instantaneous 85th percentiles for dissolved selenium were also calculated for sites with sufficient data using water-quality samples collected during WYs 2011-2014. The instantaneous dissolved-selenium 85th percentiles for samples for WY 2014 ranged from 1.1 µg/L at Uncompahgre River at Colona to 125 µg/L at Loutzenhizer Arroyo at North River Road.
A trend analysis was completed for Whitewater to determine if dissolved-selenium loads are increasing or decreasing. The trend analysis indicates a decrease of 8,000 lb from WY 1986 to WY 2014, a 34.8 percent reduction during the time period, and an additional 6.2 percent reduction from a reported 28.6 percent reduction from WY 1986 to WY 2008. The trend analysis for WY 1992 to WY 2014 indicates a decrease of 5,800 lb per year, or 27.9 percent.
Appendix 1. S-LOADEST Equation Forms, Variable Coefficients, and Statistical Diagnostics
A summary of the equation forms used to estimate annual dissolved-selenium load at the five core sites in the lower Gunnison River Basin for water year 2014 is presented in table 1-1. Table 1 -2 provides regression model coefficients and statistical diagnostics for the five core sites. All streamflow and water-quality data are available in the USGS National Water Information System (http://dx.doi.org/10.5066/F7P55KJN). [USGS, U.S. Geological Survey; ln, natural logarithm; load, dissolved-selenium load in pounds per day; β 0 , intercept of the regression on the y-axis; β 1 -β 5 , regression coefficients; Q, centered daily streamflow in cubic feet per second; sin(2πdectime), sine function of a Fourier Series; π, approximately 3.141593; dectime, centered decimal time in decimal years; cos(2πdectime), cosine function of a Fourier Series; ε, remaining unexplained variability in the data (error); SC, daily mean specific conductance in microsiemens per centimeter at 25 degrees Celsius] 1 Any bias that is introduced by the log transformation needs to be corrected if the results are transformed out of log space (Cohn and others, 1989) , but this correction is automatically applied by the statistical software used for the regression analysis (Mayo and Leib, 2012 ). 2 Equation form used when specific conductance data were available. 
